This paper provides evidence from a randomized control trial (RCT) conducted among potato farmers in Northern Ecuador about the impact of receipt of text message reminders on farmer knowledge about and adoption of integrated pest management (IPM) practices. The paper provides novel empirical evidence of the potential roles of reminders as post-training follow-ups in an agrarian setting. Using psychological constructs, we examine competing explanations for nonstandard decision making such as low adoption of beneficial agricultural technologies. Farmers who received text messages have significantly higher knowledge scores and are more likely to adopt most IPM practices than those in the control group. The experiment provides evidences that text messages lead to behavioral changes by reducing inattention and sub-optimal heuristics in the case of complex decisions.
Introduction
A key challenge facing public agricultural extension in developing countries is how to change behavior in the most cost-effective manner. Messages delivered in-person or through mass media can stimulate adoption and spread of new agricultural technologies, particularly technologies where yield gains are not large or not immediately evident. Many extension systems in Latin America underwent substantial changes due to the debt crisis in the 1980s and structural adjustments in the 1990s. In Mexico, Brazil, Chile, Ecuador and other countries, centralized public agricultural extension systems were disbanded and extension services were either decentralized to local government or outsourced to projects and private providers. Relatively recent spikes in food prices combined with a growing awareness of the need to stimulate agricultural productivity to meet projected population needs in Latin America has renewed calls to reinvigorate agricultural extension services (Zeigler and Truitt Nakata, 2014) .
Integrated pest management (IPM) is a system of practices to manage agricultural pests and diseases while minimizing use of harmful chemicals. Despite its demonstrated effectiveness at raising profitability and lowering environmental and health damages associated with chemical use, spread of IPM in developing countries has been slow (Parsa, et al., 2014) . IPM is among a group of "orphan technologies" such as conservation agriculture where benefits are not directly visible through yield increases, may take a long time to emerge, or are diffuse. Orphan technologies do not attract private sector actors to promote them and often have to compete with more lucrative alternatives. For example, IPM technology faces direct competition from chemical sales agents where the profit motive is strong. Parsa, et al. (2014) blame insufficient training and technical support as a basic cause of limited adoption of IPM; an institution is needed to champion the orphan technology. The complexity of some IPM practices has led to investment intensive training programs such as farmer field schools (FFS), but even these have not been associated with broad spread among nonparticipants (Feder, et al., 2004 , Godtland, et al., 2004 . Recent evidence shows that FFS are not generally effective when taken to scale (Waddington, et al., 2014) . Despite extensive experimentation with alternative outreach measures, IPM adoption remains limited in many developing countries. As extension systems are reconstituted, cost-effective means of diffusing relatively complex orphan technologies such as IPM need to be identified.
Information and communications technology (ICT) offer the potential for low-cost delivery of extension messages. Evidence shows that access to cell-phone services affect outcomes such as choice of market (Jensen, 2007, Urquieta and Alwang, 2012) , price dispersion and market efficiency (Aker, 2011 , Aker and Fafchamps, 2014 , Jensen, 2007 . Access to cell-phone signals also has been shown to improve producer and consumer well-being (Aker, 2011) . Cell-phones are now ubiquitous in developing countries and competition has driven the cost of text messages to near zero. This low cost invites the possibility of using text messages to deliver information, and the ease of randomizing recipients into treatment and control groups makes message-based measures appropriate for investigation using randomized control trials (RCTs).
The mechanism by which cell-phone technologies change farmer behavior is still not wellunderstood. The examples of impact mentioned above all result from push receipt of modest information content. But, cell-phones can also pull content. In Bolivia, for example, women use cell-phones to gather potato price information from different markets (Urquieta and Alwang, 2012) ; in India, cell phones are effective in gathering price information from spatially separated fish markets (Jensen, 2007) . Cell-phones can be used to transmit simple messages, such as information about prices in markets, but evidence about their effective use to provide information about a complex technology such as IPM is more limited. Text messaging may be more limiting than telephone communications and use of SMS to stimulate behavioral change is limited by the inflexibility of the medium.
In agriculture, findings from RCTs about the effectiveness of text message programs to effect behavioral change depend on the context. In general, researchers have found that receipt of text messages influences a farmer's decision of where to sell crops, but, in India, market prices received by farmers who received text messages were not statistically significantly higher than prices received by control farmers (Fafchamps and Minten, 2012) . Also in India, farmers randomly selected to participate in a mobile-based agricultural consulting service were more likely to use appropriate pesticides and fewer hazardous ones. Researchers found, however, that the while participating in the program promoted adoption of better agricultural practices, farmer's knowledge of these practices did not increase, suggesting that the farmers accepted the agricultural advice without understanding the evidence that substantiated it (Cole and Fernando, 2012) . In Peru, farmers randomly selected to receive text messages with market price information received significantly higher prices for some crops. Statistically significant differences were found mainly for perishable crops, highlighting the importance of receipt of timely information and tailoring the message to the appropriate point in the season (Nakasone, 2013) . In some contexts, receipt of text information has not had significant impacts on crop value-added, crop losses or likelihood of changing cultivation practices (Fafchamps and Minten, 2012) . Improved yields were, however, associated with receipt of text messages in a study of sugar cane producers in Kenya (Casaburi, et al., 2014) . In that study, the texts contained messages tailored to the specific timing of the farming operation.
The literature on effectiveness of text message receipt on different outcomes is nuanced. Karlan, et al. (2012) found that general text messages were not effective in increasing repayment rates for microfinance loans in the Philippines, but those with specific mention of the loan officer's name increased repayment significantly. Karlan, et al. (2016) found, in a three-country study, that the content of a text message affects the impact on increased savings among those enrolled in a commitment savings plan. Their study was designed to examine the mechanism by which message receipt induces behavioral change and they found that message receipt helped overcome the tendency to procrastinate and limited attention of savers.
In the health arena, text-based programs primarily use text messages as reminders for patients, though some also provide information. Programs include those for diabetes management, smoking cessation and increasing physical activity (Fjeldsoe, et al., 2009 , Hurling, et al., 2007 , Rodgers, et al., 2005 . Text message programs have been found to be effective in improving health outcomes and increasing adherence to drug regimens (Da Costa, et al., 2010 , Strandbygaard, et al., 2010 , Vervloet, et al., 2012 . The credibility of these assessments is furthered through the use of RCTs to cleanly identify the treatment effect. RCTs allow researchers to establish causal links between short-term positive behavioral outcomes and the receipt of text messages in the areas of smoking cessation, physical activity and diabetes treatment (Fjeldsoe, et al., 2009) . For example, an RCT involving smokers in New Zealand used daily tailored text messages to encourage smoking cessation. Messages included advice, support and distractions. The messages proved effective in the short-term, with 28% of recipients reporting not smoking after 6 weeks, compared to 13% of individuals in the control. However there was no significant difference in the cessation rates of participants at the conclusion of the study at 26 weeks (Rodgers, et al., 2005) .
Evidence shows that text messages are especially suitable for changing behavior through targeted, low-content messages, often in the form of reminders. In the context of orphan technologies, the issue is whether text messages can complement or substitute for more intensive training measures. Two questions are particularly salient: (i) Are text messages effective at increasing farmer knowledge? Or (ii) do they effect change by reminding farmers to do something? The psychology literature highlights the importance of different factors in leading to non-standard decision making; in the context of adoption of orphan agricultural technologies, farmers might be overwhelmed by the complexity of the decision or might, due to inattention, default to the familiar option (DellaVigna, 2007) . This paper provides evidence from an RCT conducted among potato farmers in Northern Ecuador about the impact of receipt of text message reminders on farmer knowledge about and adoption of IPM practices. The paper provides novel empirical evidence of the potential roles of reminders as post-training follow-ups in an agrarian setting. Our experimental design allows us to identify the role of reminders relative to knowledge gain in affecting use of IPM practices. We are able to distinguish between competing psychological explanations for the impacts of message receipt on adoption.
The paper is organized as follows. The next section presents a framework for disentangling the mechanisms by which text messages can change behavior. Different effects of reminder versus knowledge building are identified; these differences are later used to identify the relevant behavioral mechanism. The subsequent section discusses the field experiment and data. Empirical models and estimation results are presented next. The paper concludes with a discussion of implications and limitations.
Conceptual framework
In the context of decisions about agricultural management, consider the stylized model (DellaVigna, 2007 , Rabin, 2002 where individual i at time t=0 maximizes expected utility from management decisions subject to a probability distribution p(s) of the states of the world:
Utility is defined over the payoff (v) With a randomly assigned text message, the impact of inattention on decision making can be identified by experimentally varying o. By computing how the valuation V * responds to a change in o; the derivative ∂ V * /∂o = (1 − θ) can be compared to ∂V*/∂ v = 1 to test for limited attention.
This approach was followed by Hossain and Morgan (2006) and Chetty, et al. (2007) . A second means of identification is by noting that v t may be time-sensitive and we would expect that messages for time-sensitive operations that are timed to be delivered at the appropriate time would have a greater effect on valuation because the inattention parameter θ is itself time-sensitive. Define θt as the time-sensitive inattention parameter and θ as the time-insensitive parameter. For properly sequenced messages, we would expect
inattention is lower than the time-insensitive variety, or, conversely, that a timely reminder provides more value when actions are time-sensitive.
The phenomenon of use of sub-optimal heuristics when decision makers are faced with a large menu of decisions has been commonly documented in the economics literature. The general finding is that more choices are, paradoxically, not welfare-improving for the decision maker.
Responses to complex choice sets include excess diversification, preference for the familiar, and preference for the default option (see DellaVigna for references). IPM packages typically involve complex choices as producers face numerous pests, can manage them before or after they appear, and use labor-or capital-intensive control mechanisms (Norton, et al., 2005) . Some practices require input purchases and, often, IPM-recommended inputs such as less toxic chemicals are not available. Practices requiring input purchases could be affected differentially by the presence of suboptimal heuristics.
The presence of use of sub-optimal heuristics when IPM decisions are made will be examined as follows. First, decision makers with more IPM knowledge are less likely to be overwhelmed by complex choice sets and are, hence, less likely to choose the default option.
Second, this knowledge effect is likely to be greater for complex compared to simple technologies;
better-informed decision makers are likely to be more willing to adopt complex practices and employ practices requiring input purchases. Third, since the text message is intended to help sort out complex information (i.e. messages improve IPM knowledge) the effect of receipt of text messages on IPM use is likely to be less pronounced for more knowledgeable decision makers.
Finally, the effect of receipt of a message is likely to have a smaller effect on adoption of simple compared to complex technologies. These propositions are formalized when the testing regime is presented below.
The experiment
Potato farmers in Carchi, Ecuador were invited to one of three day-long training sessions on IPM- Measures of adoption and IPM knowledge were constructed from the survey responses.
IPM practices vary in their complexity and this variation is used in the empirical analysis to examine competing explanations for non-adoption. Practices were categorized as simple and complex, were distinguished by whether their implementation requires a purchase, and by whether their implementation is time sensitive. 
Empirical model
The analysis focuses on three broad issues: (i) whether receipt of a text message affects adoption of IPM; (ii) whether receipt affects farmer knowledge about IPM; and (iii) the mechanism by which the message affects behavior. The final issue is important because text messages, if effective, can be tailored to overcome cognitive barriers outlined in the conceptual framework. For example, if time-sensitivity is not found to be important, messages may not have to be constructed with detailed knowledge of the agricultural calendar. If sub-optimal heuristics are found to affect the relationship between the treatment and the outcome, messages might be simplified to reduce the cognitive burden on the farmer. Conversely, messages can be differentiated by farmer skill level.
To address these issues several steps are followed. We first examine differences in individual and household attributes across treatment assignment. This step will establish statistical balance or whether the randomization worked and treatment and control groups are equalized on observable variables. While this step is often taken in randomized controlled trials, it is not necessary for making valid inferences about a treatment effect (Senn, 1994) . We next compare mean adoption rates for IPM overall and specific IPM technologies across the treatment assignment. Since the survey assignments are random, we abstract from unobserved heterogeneity in individual, household, and village characteristics. We also compare IPM knowledge scores by treatment assignment.
In a third step, we formally estimate the marginal treatment effects using the following specification:
Where yij are outcomes such as adoption of specific classes of practices (indexed by j, these include simple and complex, time-sensitive, and purchase-reliant practices) and the knowledge scores. T is the treatment assignment, X is a vector of individual and household covariates, and εcj is the error term, clustered at the community level. We first run grouped regressions (i.e., not separating by the j); we then examine whether different classes of practices and knowledge are affected in different ways. Summary statistics are presented in tables 3, 4, and 5.
Several variants of this model are estimated; a fractional probit regression is used for the adoption (aggregating over a number of practices) and knowledge scores, which are measured in terms of percent of adopted IPM practices 1 and correct responses to the knowledge questions. The different behavioral explanations presented above suggest specific regression models. The theory of inattention suggests three hypotheses: (i) the impact of treatment on IPM adoption is significant when knowledge is controlled for in the regression; (ii) the marginal effect of the treatment on adoption of time sensitive practices is greater than for non-time sensitive practices; and (iii) the marginal impact of receipt of the reminder text message is greater for practices that do not require an input purchase compared to those requiring an input purchase. The theory of simple heuristics in the face of complex choices suggests: (i) the marginal effect of knowledge and the receipt of treatment on adoption of complex practices is greater than the effect of knowledge and receipt of the treatment on adoption of simple practices; and (ii) the impact of receipt of the treatment is smaller for high-knowledge respondents compared to low-knowledge ones. These hypotheses are examined by running variants of the general regression model presented above.
Results

Adoption of IPM
Twelve IPM practices promoted during the field day, included in the workbook, and reinforced through the text messages are analyzed. Farmers who received text messages (treatment group) adopt 6 of the 12 IPM practices at a significantly higher rate than control farmers (table 3) .
Subsequently, individual IPM practices are grouped into seven adoption scores. The first adoption score includes the 12 IPM practices while the other scores are created based on the nature of the IPM practices, i.e. whether the practice is simple or complex, purchase-reliant or non-purchase reliant, and time sensitive or not. The adoption scores indicate the percentage of IPM practices adopted within a given category. There are important differences in adoption rates across categories.
For the sample as a whole, the highest adoption rate is found for adoption of simple practices while complex practices are the least adopted. This supports the theory that farmers can get overwhelmed by complex decisions, leading to suboptimal heuristics. Farmers in the treatment group have significantly higher adoption rates for all adoption scores, with the exception of the adoption of time-insensitive practices. These findings suggest that the treatment provided a stimulus to recipients and subsequently induced them to adopt different IPM practices. The difference in adoption rates between the control and treatment group is the largest for the adoption of practices that do not require purchases. The treatment boosted the adoption of these practices by 11 percentage points,
suggesting that text messages have a reminder effect. However, when looking at the percent change, the different is the greatest for adoption of complex practices. Farmers in the control group adopted on average 17% of the complex practices compared to 23% for those in the treatment group, a 37% increase.
IPM knowledge
Statistics for the knowledge questions indicate the percentage of farmers who correctly answered the IPM-related questions ( 
Balance of covariates
Balance is achieved for about half of the covariates, i.e. for age and education of the respondent and land devoted to potato production 2 . Farmers in the control group have larger household sizes and own more land while farmers in the treatment group own more cows and reside at higher altitudes. Farmers in the treatment reported observing leaf miner and rhizoctonia more frequently in the potato production cycle studied compared with those in the control group. This relative lack of balance may affect the validity of the unconditional comparisons made above, but
should not be an issue in a multivariate formulation.
Regression results
2 We also created an overall wealth index using principal component analysis. This index includes ownership of durable goods, type of toilet facilities, and source of drinking water. Treatment and control households were not statistically different in this measure, but, since the variable is not used in the regressions, it is not included here. heuristic behavior is likely to be strong for this category. When significant, the treatment increases the adoption scores by 5 to 9 percentage points. The marginal effect of the treatment on adoption of simple practices is smaller than the marginal effect of the treatment on adoption of complex practices, a finding that provides additional evidence that the treatment contributes to knowledge building, and is consistent with the hypothesis of simple heuristics in the case of complex decisions.
The theory of simple heuristics holds that information provision has more value in the face of complex decisions, and the finding supports the theory. Consistent with the idea of the reminder effect, the marginal effect of the treatment is the greatest for adoption of practices that do not require a separate purchase of inputs. Farmers can put in practice right away the recommendation provided in the text messages so the immediate reminder effect is confirmed.
Impact of treatment and knowledge on adoption
Additional regressions were run to explain IPM adoption scores while including knowledge as an explanatory variable. These regressions should be interpreted with caution as the causal flow is uncertain-adoption might in fact lead to more IPM knowledge. Moreover, as shown above knowledge is strongly influenced by the treatment. Knowledge of IPM is closely correlated with adoption of practices, but when knowledge is included in the regression the impact of the text message treatment becomes insignificant (table 10) . The marginal effect for the knowledge score on adoption ranges from 0.187 (for non-time sensitive practices) to 0.404 (for practices that do not rely on purchases). The strong and positive impact of knowledge on adoption supports the theory of sub-optimal heuristics; as knowledge about IPM increases, farmers are less likely to be overwhelmed by the complexity of the technology, and less likely to resort to default practices. The fact that knowledge has a greater impact on adoption of practices that do not rely on an input purchase is an additional indicator of the reminder effect. Doing something also increases knowledge. The impact of the treatment is the greatest for adoption of non-purchase reliant practices, meaning that farmers increased the use of these practices the most, and thus are getting more knowledgeable. Based on the theory of simple heuristics in the face of complex choices, we would expect knowledge to have a greater effect on the adoption of complex than simple practices. Our results indicate that the marginal effect of knowledge on adoption of simple practices is greater than on adoption of simple practices, however, the marginal effects are not statistically different.
Conclusions
The revolution in information and communications technology can have important implications for programs designed to promote adoption of agricultural technologies. Use of these technologies has, however, lagged far behind potential, and agricultural extension services struggling with limited budgets might make better use of these low-cost means of information transfer. IPM adoption has also lagged behind that of conventional (mainly varieties) technologies and proponents of IPM and other orphan technologies need to know how to best structure information transfer to effect behavioral change.
This paper, which evaluated the impacts of receipt of text messages on knowledge and adoption of IPM among potato producers in Carchi, Ecuador, shows clearly that text messages both improve farmer knowledge and encourage adoption. The use of an RCT allowed clean identification of the treatment effect and the design of the experiment enabled analysis of the mechanisms behind behavioral change. Treated farmers had significantly higher knowledge scores and were more likely to adopt most IPM practices. The behavioral theory was largely confirmed by the results: all the predictions of the model of inattention were born out and most of the predictions of the model of use of sub-optimal heuristics were also confirmed in the analysis.
These results imply that text messages are a promising tool to promote adoption of even complex orphan technologies. Timing, message content, and farmer ability, however, all should be considered-the reminder effect can be exploited mainly for simple technologies that can be applied at different time. More complex messaging is needed to overcome use of sub-optimal heuristics and poorly trained or unskilled farmers will need a different package of messages, especially when the targeted practices are complex. An additional caveat is that delivery of the messages was preceded by a formal training session, so the results here cannot be extrapolated to untrained farmers. This warning is especially germane when considering the context: Carchi is an area where IPM training had occurred for many years, although widespread formal training ended in 2004 (Carrión Yaguana, et al., 2015) . As a result of this training, baseline IPM knowledge is higher than it would be in other parts of the country, so that similar messaging programs might not work as well elsewhere.
Despite these warnings, the message is one of cautious optimism about the potential use of ICT to promote orphan agricultural technologies. 
